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(54) Microelectronic integrated circuit mounted on circuit board with solder column 
interconnection 

(57) An integrated circuit is mounted on and inter- 
connected with a circuit board by an array of electrically 
conductive columns. The assembly is fabricated by ini- 
tially interconnecting the integrated drcuit and the cir- 
cuit board with an array of reflowable electrically 
conductive solder balls that correspond to the columns 
respectively. The circuit board is hekl with the integrated 
circuit extending downwardly therefrom. Sufficient heat 
is applied to cause the solder balls to ref low. The inte- 
grated circuit is pulled downwardly away from the drcurt 

board by gravity such that the balls are stretched to.form 

the columns, and the assembly is allowed to cool such 
that the columns solidify. A fixture may be provided 
against which the Integrated circuit abuts after it has 
moved away from the circuit board by a predetermined 
distance such that the columns have a precisely deter- 
mined height 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to the art of 
microelectronic integrated circuits, and more specifi- 
cally to a microelectronic integrated circuit mounted on 
a circuit board with a solder column grid anray intercon- 
nection, and a method of fabricating the column grid 
array. 

Pescription of the Related Art 

Packaged integrated circuits are advantageously 
mounted on printed circuit boards or motherboards 
using surface mount technology. A prefen-ed form of this 
technology is known as Ball Grid Array (BGA) mounting, 
and includes forming conjugate planar arrays of mount- 
ing pads or contacts on surfaces of integrated circuits 
and circuit boards, and interconnecting the contacts 
using arrays of sokjer balls. 

As viewed in FIG. 1, a conventional microelectronic 
assembly 10 comprises a packaged integrated drcuit 
12 which is mounted on a printed circuit board 14 by 
means of an array of electrically conductive solder balls 
16. The contacts on the circuit 12 and board 14 are not 
explicitly shown for simplicity of illustration. 

The solder balls 16 are made of 90Pb-10Sn alloy 
having a relatively high melting point in excess of 
300''C. The balls 16 are adhered to and electrically 
interconnected with the contacts on the integrated cir- 
cuit 12 by fillets 18a of eutectic Pb-Sn solder having a 
relatively low melting point of approximately 220'C. The 
balls 16 are similarly adhered to and electrically inter- 
connected with the contacts on the circuit board 14 by 
fillets 18b of eutectic Pb-Sn solder 

The balls-16 are conventionally attached to the inte- 
grated circuit 12 and circuit board 14 using a fixture or 
boat made of graphite or similar material that is drilled 
with holes in a pattern matching the desired solder ball 
array. The SOPb-IOSn solder balls 16 are loaded into 
the holes in the boat, and eutectic solder paste is 
screened directly onto the array. The integrated circuit 
12 is aligned on top of the ball array, and heated in a fur- 
nace at a profile that melts only the eutectic solder to 
form the fillets 18a and 18b. 

The integrated circuit 12 can have a variety of con- 
figurations. As illustrated in FIG. 1. the circuit 12 com- 
prises a ceramic substrate 20 including one or more 
electrically insulative layers and electrical metallization 
layers. An integrated circuit chip 22 is attached to the 
top of the substrate 20. and electrically interconnected 
therewith by wire bonds 24 or the like. The chip 22 and 
wire bonds 24 are environmentally protected from phys- 
ical damage and contamination by an encapsulation 26 
formed of epoxy resin or the like. 

Another conventional ball grid array mounting con- 



figuration is illustrated in FIG. 2, in which like elements 
are designated by the same reference numerals used in 
FIG. 1. A microelectronic assembly 30 comprises an 
integrated circuit 32 which is mounted on the cirojit 

5 board 14 In the same manner as the integrated circuit 
20. However, the circuit 32 comprises a substrate 34 
having layers 34a. 34b and 34c. The layers 34a and 34b 
are fornied with openings that define a cavity 36. 
The integrated circuit 22 is mounted on top of the 

10 layer 34c in the cavity 36. and Interconnected with the 
substrate 34 by the wire bonds 24. The cavity 36 faces 
away from the circuit board 14, whereby the configura- 
tion of FIG. 2 is known as "cavity-up" mounting. The 
cavity 36 provides ease of wire bonding and improved 

15 cooling, and is sealed by an encapsulation 38. 

Another conventional assembly 40 is illustrated In 
FIG. 3, and is known as "cavity-down" mounting. In this 
case, an integrated circuit 42 Includes a substrate 44 
having layers 44a and 44b. with an opening being 

20 formed in the layer 44b to constitute a cavity 46 which 
faces the drcurt board 1 4. The downwardly facing cavity 
46 is protected with an encapsulatbn 48. 

Several problems are associated with ball grid an-ay 
configurations. One problem is that, due to the relatively 

25 small height and approximately unity aspect ratio of the 
solder balls 16, the arrays are susceptible to mechanical 
and thermal stresses which can result in an unaccepta- 
bly high failure rate. 

Another problem is that, especially in the cavlty- 

30 down configuration of FIG. 3. a spacing "s" between the 
encapsulation 48 and the facing surface of the circuit 
board 14 is quite small. Since the balls 16 are mounted 
using flux solder, residual flux must be removed by a 
deaning operation prior to encapsulation. The small 

35 spadng s makes the cleaning difficult. In addition, the 
tolerances for the encapsulation 48 must be maintained 
precisely to prevent the encapsulatbn 48 from being too 
thin or from contacting the drcuit board 1 4. 

These problems are alleviated by means of a col- 

40 umn grid an^ay (CGA) mounting configuration as illus- 
trated in FIG. 4. In an assembly 50. the cavity-down 
integrated circuit 42 and circuit board 14 are the same 
as in FIG. 3. However, the ball grid array is replaced with 
a column grki array Including cylindrical solder columns 

45 52 which are formed of 90Pb-1 OSn solder and attached 
using fillets 54a and 54b of eutectic Pb-Sn solder. 

The columns 52 provkle a larger spacing between 
the Integrated drcuit 42 and the drcuit board 14, and 
thereby a larger ^adng 's"* between the encapsulation 

so 48 and the board 14. Whereas the solder balls 16 typi- 
cally have a diameter of 30 mils (0.762 mm), the solder 
columns 52 typically have a hdght of 50 mils (1.27 mm) 
and diameter of 20 mils (0.508 mm). The increased 
height and aspect ratio of the columns 52 provkfe 

55 greater stress relief, ease of flux deaning. and relaxed 
encapsulation height tolerance than the balls 16. 

The colunvi grid array assembly 50 is fabricated in 
a manner similar to the ball grid anray assemblies, with 
the columns being Inserted into drilled holes in a graph- 
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Ite fixture or boat and then attached to the integrated dr- 
cuit 42 and circuit board 14 by the eutectic fillets 54a 
and 54b. 

Solder trails can be fit into holes by pouring an 
excess number of balls over the surface of the boat, and s 
shaking the boat to remove balls that did not fall into 
holes. However, the columns 52 are more difficult to 
insert Into holes in a graphite boat than the balls 16. 
Due to the elongated shape, the columns 52 must be 
individually inserted into the holes in the boat. The small io 
size of the columns, and the large number of columns 
(typically several hundred) in a typical column grid array, 
make this operation difftcutt and time consuming. 

SUMMARY OF THE INVENTION 15 

The problems inherent in the conventional fabrica- 
tion of a microelectronic assembly with a column grid 
array interconnection are overcome by the present 
invention. 20 

In accordance with the invention, an integrated cir- 
cuit is mounted on and interconnected with a circuit 
board by an array of electrically conductive columns. 
The assen^y is fabricated by initially interconnecting 
the integrated circuit and the circuit board with an array 2S 
of reflowable electrically conductive solder balls that 
con'espond to the columns respectively. 

The circuit board is held with the integrated drcuit 
extending downwardly therefrom. Suffident heat is 
applied to cause the solder balls to reflow. The inte- 30 
grated circuit is pulled downwardly away from the drcuit 
board by gravity such that the balls are stretched to form 
the columns, and the assembly is allowed to cool such 
that the columns solidify 

A fixture may be provided against which the inte- 35 
grated circuit abuts after It has moved away from the dr- 
cuit board by a predetermined distance such that the 
columns have a precisely determined height 

-The present column grid-array provides all of the 

advantages of the conventional column grid array which 40 
was described above with reference to FIG. 4, but can 
be fabricated with the ease of a bail grid array More 
spedf icaily, the difficult and time consuming operation 
of individually inserting tiny solder columns into holes in 
a graphite fixture or boat is eliminated by the present 45 
invention. 

These and other features and advantages of the 
present invention will be apparent to those skilled in the 
art from the follovtnng detailed description, taken 
together with the accompanying drawings, in which like so 
reference ruimerals refer to like parts. 

DESCRIPTION OF THE DRAWINGS 

FIGs. 1 to 3 are simplified sectional views illustrate ss 
ing conventional microelectronic assemblies includ- 
ing ball grid array mounting: 
FIG. 4 is a simplified sectional view illustrating a 
conventional microelectronic assembly including 
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column grid an'ay mounting; 
FIGs. 5 to 7 are simplified sectional views illustrat- 
ing a method of fabricating a miaoelectronic 
assembly induding column grid nx>unting accord- 
ing to the present invention; 
FIG. 8 is a simplified sectional view illustrating a fix- 
ture for practicing the method of FIGs. 5 to 7; and 
FIG. 9 Is a sinrplified secttonat view illustrating a 
weight and stopper assenisly for practidng the 
method of FIGs. 5 to 7. 

DETAILED DESCRIPTION OF THE INVENTIQ N 

A method of fabricating a microelectronic assembly 
including column grid mounting according to tiie present 
invention is illustrated in FIG. 5. As illustrated, tiie 
method produces an assembly including a cavity-down 
integrated circuit as illustrated In FIGs. 3 and 4. How- 
ever, the invention is not so limited, and can accommo- 
date a variety of integrated circuit configurations such 
as illustrated in FIGs. 1 and 2. 

The first step of the method is to fabricate a pack- 
aged integrated- circuit- 60 having a -ball grid array 
formed thereon as illustrated in FIG. 5. The drcuit 60 
indudes a ceramic laminate or other substrate 62 
including one or more insulative and metallization lay- 
ers. As shown, the substrate 62 includes layers 62a and 
62b. An opening is formed in the layer 62b to form a cav- 
ity 64. 

An integrated circuit chip 66 is nr^unted on the layer 
62a in the cavity 64, and interconnected with the sub- 
strate 62 by wire bonds 68 or the like. The cavity 64 is 
environmentally sealed by an encapsulant 70. 

An an-ay of electrical mounting or contact pads 72 is 
formed on the surface of the substrate 62. and an an-ay 
of electrically conductive solder balls 74 is formed on 
the pads 72. The balls 74 are preferably fornfied of 
eutectic Pb-Sn solder having a melting point of approxi- 
mately 220*G. 

The balls 74 are adhered to the pads 72 by applying 
flux to the pads 72, inserting the balls 74 into holes In a 
graphite fixture or boat in a conventional manner, align- 
ing the pads 72 on top of the balls 74. and applying heat 
using a temperature profQe such tiiat the balls 74 reach 
a temperature of approximately 220^*0 for about one 
minute. This causes the balls 74 to reflow onto tiie pads 
72, and thereby become ohmlcally attached to ttie pads 
72. It wilt be noted that the bottoms of the balls 74 con- 
form to tiie flat shape of the pads 72 during reflow. 

As illustrated in FIG. 6, tiie integrated circuit 60 is 
attached to a drcuit board 76 to form an intermediate 
assembly induding ball grid array nx>unting. The circuit 
60 is inverted and placed on tfie board 76 such that the 
solder bails 74 engage with conjugate terminals or con- 
tact pads 78 on the board 76. Preferably, eutectic Pb-Sn 
solderAlux paste is applied to the balls 74 prior to 
mounting on the circuit 60 on the board 76. Then, suffi- 
dent heat is applied such that tiie bails 74 reflow and 
adhere to the pads 78. 
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The intermediate assembly oi FIG. 6 is similar to a 
conventional ball grid array configuration, except that 
the present solder balls are formed of low reflcw terrh 
perature eutectic solder rather than high temperature 
reflow 90PB-10Sn solder as in the prior art 

Then, as illustrated In FIG. 7, the assembly of FIG. 
6 is inverted such that the integrated drcuit 60 extends 
downwardly from the circuit board 76. The circuit board 
76 is held stationary, the solder balls 74 are again 
heated to reflow temperature (220''C), and the circuit 60 
is urged by gravity to move downwardly relative to the 
board 76 as indicated by arrows 82. This causes the 
solder balls 74 to be stretched into an elongated shape 
and form solder columns 80, The heat is then removed, 
and the solder solidifies into the column shapes as illus- 
trated to provide a miaoelectronic assembly 84. 

In this manner, a solder ball grid array is trans- 
formed into a solder column grid array Although the 
dimensions of the configuration are variable depending 
on a particular application, the solder balls 74 may have 
an initial diameter of approximatety 30 mils (0.762 mm). 
The solder columns 80 may have a height of approxi- 
mately 45 to 50 mils (1.143 - 1.27 mm), and a diameter 
of approximately 20 mils (0.5 mm). 

The present column grid array provides all of the 
advantages of the conventional column grid array which 
was described above with reference to FIG. 4, t)ut can 
be fabricated with the ease of a ban grid array, ^^re 
spedfically, the difficult and time consuming operation 
of individually inserting tiny solder columns into holes in 
a graphite fixture or boat is eliminated by the present 
invention. 

FIG. 8 illustrates how a fixture 90 may be provided 
to provide predse spacing between the integrated cir- 
cuit 60 and the circuit board 76, and thereby a precise 
height for the solder columns 80. The fixture 90 has a 
rectangular open box shape with upstanding walls 90a 
and a bottom 90b. 

—The height of the walls 90a above the bottom 90b is 
selected such that the circuit board 76 is retained by the 
walls 90a. and the integrated circuit 60 abuts against the 
bottom 90b when it has moved downwardly away from 
the circuit board 76 during solder reflow t>y a distance 
such that the desired spadng has been achieved. This 
automatically provides a precise height for the solder 
columns 80. 

FIG. 9 illustrates an arrangement which can be 
used where the integrated circuit 60 is so light that its 
weight is insufficient to cause it to move downwardly 
away from the circuit board 76 during solder reflow. In 
this case, a weight 92 is temporarily attached to the inte- 
grated circuit 60 by clips 94 or the like. 

The size of the weight 92 is selected to cause the 
integrated circuit 60 to move to a desired extent during 
refbw. It is further within the scope of the invention to 
provide a stopper 96 below the weight 92 such that the 
weight 92 will abut against the stopper 96 when the inte- 
grated drcuit 60 has moved downwardly by a desired 
amount This concept is similar to that described above 



with reference to FIG. 8. 

Various modifications will become possible for 
those skilled In the art after receiving the teachings of 
the present disdosure without departing from the scope 
5 thereof. 

For example, the present sokier balls 74 can be 
made of high reflow temperature solder such as 90Pb- 
lOSn. and the reflow step of FIG. 7 performed at a tem- 
perature of approximately 350'C. 
10 It is further within the scope of the invention to man- 
ually pull the integrated circuit 60 away from the drcuit 
board 76 during reflow, rather than relying on gravity. In 
this case, the relative orientation between the Integrated 
drcuit and the drcuit board during reflow Is unlimited. 

IS 

Claims 

1 . A method of forming an array of electrically conduc- 
tive columns for interconnecting first and second 

20 microelectronic devices, comprising the steps of: 

(a) interconnecting the first and second microe- 
lectronic devk;es with an array of reflowable 
electrically conductive balls that correspond to 

25 said columns respectively; 

(b) applying heat to cause saki balls to reflow; 

(c) causing relative movement of said first and 
second microelectronic devices away from 
each other such that said balls are stretched to 

30 form said columns; and 

(d) removing sakl heat. 

2. A method as in claim 1 , in which step (a) comprises 
forming sakJ balls of solder. 

35 

3. A method as in daim 2, In which: 

step (a) comprises forming said balls of Pb-Sn 

eutectic soWer; and — 

40 step (b) conprises applying said heat such that 

saki balls reach a temperature of approxi- 
mately 220<'C. 

4. A method as in daim 1 , in which: 

45 

the first microelectronic device comprises an 
integrated drcuit having a planar an^ay of first 
electrical contacts; 

the second miaoelectronic device comprises a 
50 circuit board having a planar array of second 

electrical contacts which are conjugate to saki 

first electrical contacts; and 

step (a) comprises interconnecting respective 

first and second electrical contacts with sakl 
55 balls. 

5. A method as in claim 4. in which: 

the integrated drcuit has an encapsulated cav- 
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ity which faces and is spaced from the circuit 
board after performing step (d); and 

the method further comprises the step 

of: 

(e) cleaning a space defined between said 
encapsulated cavity and the circuit board. 

6. A method as in dalm 5, in which: 

step (a) comprises forming said balls of solder 

which contains flux; and 

step (e) comprises removing flux from said 

space. 

7. A method as in claim 1 . in which steps (b) and (c) in 
combination comprise holding the first microelec- 
tronic device above the second microelectronic 
device and allowing gravity to pull the second 
miaoelectronic device downwardly away from the 
first microelectronic device. 

8. A method as in claim 7. in which steps (b) and (c} in 
combination comprise holding the first microelec- 
tronic device using a fixture having a surface 
against which the second microelectronic device 
abuts after moving downwardly away from the first 
miaoelectronic device by a predetermined dis- 
tance. 

9. A method as in claim 7. in which step (c) further 
comprises attaching a weight to the second microe- 
lectronic device. 

10. A method as In claim 9, in which step (c) further 
comprises providing a stopper below the weight 
such that the weight abuts against the stopper after 
the second microelectronic device has moved 
downwardly away from the first microelectronic 

- - device by-a predetermined distance. 

11. A microelectronic assembly including an integrated 
circuit which is nx)unted on and interconnected with 
a circuit board by an array of electrically conductive 
columns, the assembly being fabricated by a 
method comprising the steps of: 

(a) interconnecting the integrated circuit and 
the circuit board with an anray of reflowable 
electrically conductive balls that correspond to 
said columns respectively; 

(b) applying heat to cause said balls to reflow; 

(c) causing relative movement of the integrated 
circuit away from the circuit board such that 
said balls are stretched to form said columns; 
and 

(d) removing said heat 



13. A miaoelectronic assembly as in claim 12. in 
which: 

said balls comprise Pb-Sn eutectic solder; and 
5 step (b) comprises applying said heat such that 

said balls reach a tanperature of approxi- 
mately 220<'C. 

14. A miaoelectronic asseniily as in claim 11, in 

10 which: 

the integrated circuit comprises a planar array 
of first electrical contacts; 
the circuit board comprises a planar array of 
15 second electrical contacts which are conjugate 

to said first electrical contacts; and 
said array of columns interconnects said first 
and second arrays of electrical contacts. 

20 1 5. A miaoelectronic assembly as in claim 1 4, in which 
the integrated circuit has an encapsulated cavity 
which faces and is spaced from the circuit board. 

16. A miaoelectronic assembly as in daim 15. in 

25 which: 

said balls comprise solder which contains flux; 
and 

step (e) corrprlses renfx)ving flux from a space 
so defined between the cavity and the circuit 

board. 

1 7. A miaoelectronic assembly as in claim 1 1 , in which 
steps (b) and (c) in combination comprise holding 

35 the circuit board above the integrated circuit and 
allowing gravity to pull the integrated circuit down- 
wardly away from the circuit board. 

-18. A miaoelectronic assembly as in claim 17. in which 
40 Steps (b) and (c) in combination connprise holding 
the circuit board using a fixture having a surface 
against which the integrated circuit abuts after am- 
ing downwardly away from the circuit board by a 
predetermined distance. 

45 

19. A miaoelectronic assembly as in claim 17. in which 
step (c) further comprises attaching a wei^ to the 
integrated circuit 

50 20. A miaoelectronic assembly as in claim 11 . in which 
step (c) further conprises providing a stopper 
below the weight such that the weight abuts against 
the stopper after the second microelectronic device 
has moved downwardly away from the first mlaoe- 

55 lectronic device by a predetermined distance. 



1 2. A microelectronic assembly as in claim 11 , in which 
' said balls comprise solder. 



EP0788159 A2 



FIG. 1 




-FIG. 2 




6 



EP 0 788 159 A2 



FIG. 4 



24 22 



42 



44a 



54q 




^44b 

14 




V/Y/a ^^=="-^17^ /a //. 


mmmmmmmm. 





FIG. 5 



62 





EP 0 788 159 A2 




8 



